INTRODUCTION
============

Malocclusion may play an important role in social acceptance and interactions, for esthetic reasons, and may also result in functional limitations in more serious instances. Currently, much attention has been focused on assessing the severity and prevalence of malocclusion and orthodontic treatment need worldwide.[@B1]

Several local factors, such as adverse oral habits, tooth anomalies, shape and position of developing teeth may cause malocclusion. Children and adolescents who have misaligned teeth may feel embarrassed in social contacts, and may become deliberately irritated by their dental appearance.[@B1] ^,^ [@B2] The spectrum of factors involves their self-respect and self-confidence, which largely depend on proper physical appearance, well-proportioned facial appearance, properly aligned teeth and a pleasing, attractive smile. The expanded approach in orthodontic treatment demands better evaluation of treatment needs and standardized criteria for their assessment. Indeed, it has been reported that a significant number of children are inappropriately referred for orthodontic treatment, underlying the necessity of objective or normative assessment of orthodontic treatment by using an index.[@B1] ^,^ [@B3] ^-^ [@B6]

The Index of Orthodontic Treatment Need (IOTN) is one of the most popular occlusal indices in Europe, and is gaining widespread use worldwide.[@B7] The IOTN has two measuring components: the Aesthetic Component (AC) and the Dental Health Component (DHC). The DHC and the AC components of the IOTN have been used to assess the normative need.[@B8] The AC assesses the perception of an individual on the attractiveness of his/her dentition, by means of a 10-point photographic scale, showing different levels of dental attractiveness. The DHC has five grades based on the worst occlusal trait, and each given grade is a reflection of the level of normative orthodontic treatment need, to support the treatment prioritization.[@B1] ^,^ [@B6] ^-^ [@B10] Numerous studies have been published regarding the prevalence of malocclusion in various populations. The outcomes have demonstrated wide variations, with the reported prevalence ranging from 39 to 98%.[@B3] Several studies have shown self-perception of malocclusion and need of orthodontic treatment for different populations, based on IOTN.[@B1] ^,^ [@B11] However, the outcomes demonstrated that the need for orthodontic treatment was about one third to half of the children and adolescent population. Some previous studies have shown significant differences between children's, parent's and clinician's perception of orthodontic treatment need.[@B1] ^,^ [@B5] ^,^ [@B6] ^,^ [@B12] ^,^ [@B13] Few studies have considered parent's perceptions of orthodontic treatment need[@B6] ^,^ [@B7]. Ultimately, parents take the final decision about their child's treatment, and may have different motives for treatment than their children. It has also been reported that parents are the most influential in the motivation for treatment.[@B6] ^,^ [@B7]

In Bangladesh, a previous study assessed the need for orthodontic treatment among Bangladeshi schoolchildren in late mixed dentition stage, based on IOTN[@B14]. Meanwhile, up to present, no studies have been conducted for patients and parent's perception about orthodontic treatment need in Bangladesh. Evaluation of patient's perception of orthodontic treatment should be prioritized, as it is the patient who undergoes treatment and deserves satisfaction from improved aesthetics and function.[@B8] Thus, the use of IOTN index provides potential to induce greater uniformity throughout the profession, along with standardization of assessment in orthodontic treatment, and facilitate better treatment procedures.[@B10] Therefore, the present study was designed to detect the prevalence of malocclusion, related risk factors, and normative and perceived orthodontic treatment need in the population of children and adolescents in the city of Dhaka, Bangladesh; and also children's and parent's aesthetic perception, compared to orthodontist's opinion, according to IOTN grades.

MATERIAL AND METHODS
====================

The study took place from January 2014 to July 2014, and was approved by an ethical committee (ref. 2013/714), which complies with the Declaration of Helsinki. Four schools were randomly selected among all junior-high schools in the city of Dhaka, Bangladesh, and a random sample of 1,200 children aged 11-15 years attending these schools was selected. The questionnaire was translated into their mother tongue (Bengali), for better understanding. Parent's questionnaire sheet included informed written consent, a questionnaire related to sociodemographic aspects (sex, age, employment status, education level), questions about dental and orthodontic history, as well as factors related to malocclusions (occurrence and duration of breastfeeding, non-nutritive sucking habits such as finger and pacifier, experience of caries and or extractions of deciduous teeth for any reason), and concern for orthodontic treatment need for their children. Parents also scored the AC of the IOTN of their children. For this purpose, ten photographs were sent to the parents, and detailed written instruction was given to identify the dental appearance that mostly resembled that of their child. A total of 800 parents returned their copies.

Prior to dental examination, trained and standardized personnel interviewed all children on previous experience about dental services, use of orthodontic devices and concern for the orthodontic treatment need. The AC of IOTN was also given to children, and each student was asked to identify which photograph of the AC scale most closely resembled the appearance of their anterior teeth. Children wearing orthodontic devices were also included in the descriptive analysis.

The examinations were carried out at school in broad daylight, by one trained and calibrated dentist, with the patient seated on a chair and using a portable equipment with mirrors, probe and ruler; no radiographs were taken. The Decayed, Missing, Filled Teeth (DMFT) index, according to WHO diagnostic criteria, was used to record caries experience[@B15]. The DHC and the AC of IOTN were calculated, and the Angle classification of malocclusions was recorded, with teeth in centric occlusion. The grading was done according to 'Dental Health Component' and 'Aesthetic Component' originally used in the study for development of the Index of Orthodontic Treatment Need.[@B8] The five grades for DHC were: Grade 1) No need for orthodontic treatment; Grade 2) Little need for orthodontic treatment; Grade 3) Borderline need for orthodontic treatment; Grade 4) Great need for orthodontic treatment; Grade 5) Very great need for orthodontic treatment. The most severe occlusal trait was identified by the examiner and used to classify the patient, with scores ranging from 1 to 5. The aesthetic component (AC) was also recorded for each participant. Each participant's anterior teeth were evaluated and a recording was made according to the photograph that most closely resembled the state of their dental appearance. The grades of the photographs indicated three treatment categories: Grade 1-4) No or little need of treatment; Grade 5-7) Borderline need of treatment; Grade 8-10) Definite need for treatment.

The definition of the questionnaire to reveal major difficulties and weaknesses was performed by means of a pilot study, using a convenience sample of children and parents.

Sample size calculation
-----------------------

The following formula was used to calculate the sample size (SS).

$$SS\  = \frac{\lbrack\left( {Z\alpha\  + \ Z\beta} \right)^{2}x\ \left( p \right)\ x\ \left( {1 - p} \right)\rbrack}{d^{2}}$$

Where:

» Zα = 1.96 Z value (e.g.: 1.96 for 95% confidence level);» Zβ = 0.84 power 80%;» p = percentage picking a choice, expressed as decimal (0.50 used for sample size needed);» d = confidence interval, expressed as decimal (e.g.: 0.05 = ±5);» SS (Sample Size)= 784;» Respondent non-response error = 784 x 0.05 = 39.2;» Total sample size (784+39) = 823;

However, 800 sample size was taken for the study purposes.

Statistical analysis
--------------------

All data were analyzed by means of standard statistical methods, using SPSS version 20, IBM Corp., USA. Descriptive analysis was carried out for the presentation of the results. Proportion test was used to compare definite treatment need (Grade 4-5) among boys and girls, and comparison between clinician, children and parent's perceived AC scores.

Three models were developed using stepwise multiple logistic regression analyses, in children who did not use orthodontic appliances: overall orthodontic treatment need according to IOTN (DHC Grade 4-5) (Model 1), orthodontic treatment need perceived by parents (Model 2) and by children (Model 3). The following variables were included in all models: age (continuous); gender (0 = male; 1 = female); highest education level of father (0 = none; 1 = elementary school; 2 = junior high school; 3 = high school; 4 = university); breastfeeding (0 = no; 1 = \< 6 months; 2 = 6-12 months; 3 = \> 12 months); non-nutritive sucking habits (0 = never; 1 = 1-12 months; 2 = 13-24 months; 3 = 25-36 months; 4 = 37-48 months; 5 = \> 48 months); reported caries in deciduous teeth (0 = no; 1 = yes); reported extractions of deciduous teeth (0 = no; 1 = yes), and DMFT index (continuous). In models 2 and 3, the following variables were also included: orthodontic treatment need for overjet (0 = no; 1 = yes); crowding/spacing (0 = no; 1 = yes), and crossbite (0 = no; 1 = yes). Adjusted odds ratio (OR) and 95% confidence intervals (CI) were calculated. Logistic regression analysis was used to identify the factors associated to normative and perceived orthodontic treatment need.

Examiner reliability was checked in the pilot study by means of intra-examiner replicate examinations for 20 subjects, at a time interval of 20 days, and evaluated by the Kappa score. Reproducibility of the AC score was recorded also for the evaluation of a group of 20 children and 20 parents, by means of the Kappa score.

RESULTS
=======

A total number of 800 schoolchildren, aged between 11 and 15 years, participated in this study. The sociodemographic and dental characteristics of the study population are reported in [Table 1](#t1){ref-type="table"}.

Table 1Selected characteristics of the study population.Variablesn%Mean ± SDAge13.0 ± 1.4SexMale40350.4Female39749.6BreastfeedingNo20.3Yes79899.7Non-nutritive sucking habitsNo62478.0Yes17622Reported caries in the deciduous teethYes31539.4No48560.6Reported extraction of deciduous teeth for any reasonYes13617.0No66483.0Orthodontic devices need according to parentsYes14718.4No64780.8Using60.8Orthodontic devices need according to childrenYes17822.2No61677.0Using60.8Visited a dentist in the previous year19824.7DMFT ≥ 117221.51.57 ± 0.88DMFT=062878.5[^2]

About one third, i.e. 39.4%, had at least one dental caries lesion; 17% had a history of one extraction of deciduous teeth; 24.7% had visited a dentist in the previous year, and only 0.8% of the children had already used orthodontic devices. The mean DMFT score was 1.57, and the standard deviation was 0.88.

The percentage distribution of the schoolchildren according to the DHC of the IOTN showed that almost half of them (49%) were in the category of 'little or no treatment need' (Grade 1-2), 26.2% were in the category of 'borderline treatment need' (Grade 3), and only 24.7% were in the category of 'definite need' (Grade 4-5) for orthodontic treatment ([Fig 1](#f1){ref-type="fig"}).

Figure 1Percentage distribution of schoolchildren in the city of Dhaka, according to the DHC of the IOTN (Grade 1-2 = no or little need; Grade 3 = borderline need; Grade 4-5 = definite need).

[Table 2](#t2){ref-type="table"} shows the gender distribution of the treatment need according to the DHC grade of the IOTN: 23.3% of the total number of boys were in the category of 'definite need' (Grade 4-5), while 26.2% of the total number of girls were in this category; 27.8% of boys were in 'borderline need' (Grade 3) and 48.9% were in 'no need' (Grade 1-2) category. Meanwhile, 'borderline need' and 'no need' treatment for girls were 24.7% and 49.1%, respectively. Chi-square test showed that gender distribution of the DHC was not statistically significant \[x[@B2]=4.09; *p*= 0.399\]. A proportion test was used to compare 'definite treatment need' (Grade 4-5) among boys and girls. Total 'definite treatment need' (Grade 4-5) category was 24.7%, of which girls presented 26.2% - a slightly higher percentage than boys (23.3%). So, girls presented more treatment need than boys, although it was not statistically significant (*p*= 0.293).

Table 2Assessment of the malocclusion severity and treatment need, among boys and girls, based on DHC of IOTN.DHC of IOTNTreatment needBoysGirlsTotalp-valuen%n%n%Grade 4-5Definite need9423.310426.219824.70.293Grade 3Borderline need11227.89824.721026.30.319Grade 1-2Slight / No need19748.919549.139249.00.909Total403100397100800100[^3]

[Figure 2](#f2){ref-type="fig"} illustrates the distribution of ratings for the AC of IOTN in the school population: 70.8% of the children had 'slight or no need' (Grade 1-4) for orthodontic treatment, 19.0% had 'moderate need' (Grade 5-7), and 10.2% had 'great need' (Grade 8-10) for orthodontic treatment.

Figure 2Percentage distribution of schoolchildren in the city of Dhaka according to the AC of the IOTN (Grade 1- 4 = slight or no need; Grade 5-7 = moderate need; Grade 8-10 = great need).

[Table 3](#t3){ref-type="table"} shows the distribution of aesthetic self-perception of schoolchildren by gender, according to the AC of the IOTN. The highest distribution, 90% of the children, scored their teeth as aesthetically acceptable, indicating 'no or little treatment need' (Grade 1-4); while 5.4% and 4.6% of the children thought they best fitted into 'borderline' and 'definite need treatment' categories, respectively. Females graded themselves as being less attractive, and significantly desired more orthodontic treatment than males, according to Grade 8-10 (*p*= 0.0901).

Table 3Distribution of aesthetic self-perception of schoolchildren by gender, according to AC of IOTN.AC gradeTreatment needMaleFemaleTotalp-valuen%n%n%1-4No/ Little need3569232587.8681900.054\*5-7Borderline need184.6236.2415.40.3298-10Definite need133.4226354.60.090\*Total387100370100757100[^4]

It must be noted that 3.8% of the children could not be placed into any category of the AC of the IOTN, due to presenting Class III, open bite or anterior crossbite malocclusion (not included in AC of IOTN photographs). This did not adversely affect the statistical analysis of the data.

Comparison between clinician, children and parents perceived AC scores ([Table 4](#t4){ref-type="table"}) shows that definite treatment need (AC score 8-10) was reported for 10.2% of subjects as assessed by the clinician, 4.6% by children, and 3.8% by parents. Borderline treatment need (AC score 5-7) was reported for 19.0% by clinician, 5.4% by children, and 6.2% by parents. Whereas most of the subjects were considered to have no need of orthodontic treatment (AC score 1-4): 70.8% by clinician, 90.0% by children, and 90.8% by parents. Clinician graded children as being in the less attractive side of the scale, compared to self-assessments made by children and parents. However, a proportion test showed that the differences between the clinician and children, and clinician and parents perceived AC score about the need for orthodontic treatment were highly statistically significant (*p*= 0.0001).

Table 4Assessment of AC grades by clinician, children and parents.AC gradeNeed for treatmentDentistChildParentDentist vs ChildDentist vs Parentn%n%n%p-valuep-value1-4No need54970.868190.469990.80.0010.0015-7Borderline need14719.0415.4426.20.0010.0018-10Definite need7910.2354.6293.80.0010.001Total775100757100770100[^5]

It must be noted that 3.1% by the clinician, 5.4% by the children and 3.8% by the parents could not be perceived in any category of the AC of the IOTN, due to presenting Class III, open bite or anterior crossbite malocclusion. This finding did not adversely affect the statistical analysis of the data.

Multiple logistic regression showed that dental health status was significantly related to orthodontic treatment need, since children with a higher DMFT were significantly more likely to need orthodontic treatment, according to the DHC of IOTN (OR = 1.77; 95% CI = 1.22-2.56; *p*= 0.002; Model 1 in [Table 5](#t5){ref-type="table"}). Orthodontic treatment need as perceived by parents and children was significantly predicted by treatment need for crowding/spacing (OR = 6.73; 95% CI = 1.93-2.34; *p*= 0.003; OR = 3.40; 95% CI = 1.36-8.50; *p*= 0.009) as measured by the IOTN (Models 2 and 3 in Table 5). However, caries experience, prolonged non-nutritive sucking habits and level of education of parents did not significantly affect the children self-perceived orthodontic treatment need (Model 3 in [Table 5](#t5){ref-type="table"}).

Table 5Multivariable logistic regression models to examine the factors of overall orthodontic treatment need.VariablesORSE95% CIP-valueModel 1: Orthodontic treatment need according to IOTN (DHC- 4-5) Log-likelihood= - 441.76; chi-square=11.79; P=0.008DMFT1.770.331.22-2.560.002\*\*\*Breastfeeding0.840.100.65-1.070.163Gender1.180.190.85-1.630.328Model 2: Orthodontic treatment need perceived by parents Log-likelihood= - 88.16; chi-square=15.07; P=0.004Treatment need for crowding/spacing6.734.281.93-23.40.003\*\*Age0.780.110.59-1.030.086Gender1.030.400.48-2.190.942Level of education of the parents1.140.240.75-1.730.536Model 3: Orthodontic treatment need perceived by children Log-likelihood= - 100.79; chi-square=21.23; P=0.001Treatment need for crowding/spacing3.401.591.36-8.500.009\*Level of education of the parents1.360.290.90-2.060.138Prolonged non-nutritive sucking habits1.260.180.94-1.670.111Age0.690.090.53-0.900.008\*DMFT1.480.580.68-3.200.319Gender1.580.560.77-3.190.205[^6][^7]

Reliability of the IOTN index
-----------------------------

The intra-examiner agreement for DHC showed a Kappa value of 0.875, indicating 'high agreement' between first and second readings; and for AC showed a Kappa value of 0.763, indicating 'substantial agreement' between first and second readings. However, children and parents AC scores showed moderate agreement, with Kappa scores of 0.331 and 0.565, respectively.

DISCUSSION
==========

Bangladesh is a South-East Asian country with a population of approximately 140 million people and an area of about 147,000 square kilometers. A large concentration of people lives in Dhaka, the capital and main city of Bangladesh. Bangladeshi demographic characteristic shows that this situation is very similar to that of other developing countries. In Bangladesh, there are limited postgraduate institutes for dental students, which are mostly situated in the city of Dhaka, among which only one is a public institute, the Dhaka Dental College, and provides orthodontic treatment with lower cost. In this context, patients who are referred to this public institute are treated based on severity of the malocclusion.

Thus, the primary goal of this survey was to detect the prevalence of malocclusions needing orthodontic treatment, in the population of children and adolescents in Bangladesh, and also the orthodontic treatment need as perceived by parents and children. Several published studies have already described the prevalence and types of malocclusions in different populations. Comparisons of these findings should be made with caution, since different methods and indices were used.

The most interesting finding in the present study is that 49% of the total schoolchildren in the city of Dhaka were in the category of little or no treatment need (Grade 1-2), and only 24.7% were in the category of definite need (Grade 4-5) for orthodontic treatment, according to DHC of IOTN. The distribution of DHC and AC grades has been studied by several researchers. Comparing the studies that used DHC only, the frequency of definite treatment need (Grade 4-5) found in the present population (24.7%) was similar to the results found in Germany[@B4] (26.2%), Norway[@B12] (26.1%), Tanzania[@B16] (22%), India[@B17] (23.5%), and England[@B18] (26.2%); but lower than those reported for Italy[@B1] (59.5%), Turkey[@B9] (38.8%), Peru[@B19] (29.9%), Jordan[@B20] (34%), Malaysia[@B21] (53.9%), Japan[@B22] (40%) and Hong Kong[@B23] (54.2%); and higher than those reported for Iran[@B11](18.41%), Finland[@B24] (15%), Spain[@B25] (17.1% and 21.8%), and France[@B26] (21.3%).

The distribution with respect to male and female of orthodontic treatment need has also been studied by several researchers. In the present study, Chi-square test showed that gender distribution of the DHC was not statistically significant (χ^2^ = 4.09; *p*= 0.399). This finding was supported by other studies.[@B9] ^,^ [@B19] ^,^ [@B25] ^-^ [@B27] When a proportion test was used to compare definite treatment need according to the DHC (Grade 4-5) among boys and girls, the total definite treatment need was 24.7%. Girls presented 26.2%, a slightly higher treatment need than boys (23.3%), although these results were not considered statistically significant (*p*= 0.293). These findings were supported by some studies,[@B26] ^,^ [@B27] and at the same time opposed by others that reported that boys presented significantly more treatment need than girls.[@B11] The differences in age group, ethnic background, geographical location, and level of expectations of each population may have contributed to the controversy.

According to the AC of the IOTN assessed by clinicians, orthodontic treatment need results were dramatically different, as the 'no or little need' for treatment (Grade 1-4) was 70.8%, and 'definite need for treatment' (Grade 8-10) was only 10.2%. In this study the frequency of 'definite treatment need' (Grade 8-10) was close to that of Norway[@B12] (9%), Tanzania[@B16](11%) and India[@B17] (12.9%); but lower than the reported for Germany[@B4] (21.5%), Jordan[@B6] (21%) and Malaysia[@B21] (46.7%); and higher than the reported for Italy[@B1] (3.2%), Turkey[@B9](4.8%), Iran[@B11] (6.2%) and England[@B27] (6%).

In contrast, when the students were asked to score their own dental appearance, according to the AC of the IOTN, the highest distribution (90%) of the children scored their teeth as aesthetically acceptable, indicating 'no or little treatment need' (Grade 1-4). While 5.4% and 4.6% of the children thought they best fitted in 'borderline' and 'definite treatment need' categories, respectively. A slightly greater number of females graded themselves at the least attractive scale, compared to males. This findings is supported by another study^12^ and opposed by other studies.[@B5] ^,^ [@B10] However, they didn't find any significant relationship between gender, which was not supported by the present study. Females desired significantly more orthodontic treatment than males, according to Grade 8-10 (*p*= 0.0901). This finding was supported by a study,[@B28] but opposed by other study reporting that females significantly tended to rate their dentition as being more attractive than males.[@B20] It is possible that the fact that more girls were concerned about minor deviations reflects a reduction in their self-esteem.

Comparisons between clinician, children and parents perceived AC scores showed that clinician graded children to the less attractive side of the scale, compared to the self-assessments made by children and parents. The clinician allocated more subjects to the 'borderline' and 'definite need' categories (29.2%) than did children and parents. A proportion test showed that differences between the clinician and children, and clinician and parents perceived AC score were highly statistically significant (*p*= 0.0001). This result was supported by a study.[@B1] Some other studies (parents were not included) showed that clinicians' perceived treatment need was more critical than childrens', and found significant differences between clinician and patients perceived score,[@B5] ^,^ [@B12] ^,^ [@B20] which is in line with the present study. Another study found a significant relation only between clinician and children, which is corroborated by the present study; but the relation between clinician and parents perceived score was not significant, which contradicts the present study.[@B6] Some other studies found no significant relation between clinician and children perceived AC score,[@B10] ^,^ [@B27] which contradicts the present study. The different age groups and different ethnic backgrounds may have contributed to this controversy. It is possible that subjects replied defensively and subconsciously, trying to allocate themselves to the attractive side, in order to avoid treatment. Alternatively, as photographs showed dentition only in the frontal view, it is possible that the patients did not perceive their own dentition in the AC scale, in cases of anterior crossbite, Class III, open bite, spaces due to unerupted canine or missing lateral incisors.

The results of the multivariate analysis showed that the only determinant of normative orthodontic treatment need, according to the DHC, was high DMFT scores. This finding was supported by other studies[@B1] ^,^ [@B3]. The positive finding of this study was that orthodontic treatment need as perceived by parents and children was significantly predicted by treatment need for crowding and spacing, as measured by the IOTN. However, caries experiences, prolonged non-nutritive sucking habits and the level of education of parents did not significantly affect children's self-perceived orthodontic treatment need. This finding was supported by other studies[@B1] ^,^ [@B11]. Subjective perception of orthodontic treatment need was significantly associated, for both parents and children, to treatment need for crowding and spacing, which is not surprising, since these are the most 'visible' types of malocclusions. These findings emphasize the need to educate the population to recognize other kinds of malocclusions.

Limitations of the study
------------------------

The present study have limitations such as: the subjects were selected from schoolchildren and adolescents only from the city of Dhaka, Bangladesh. A large population from different regions of the country and socio-economic status may present an influence over the perception and concern of orthodontic treatment needs. Another limitation in this study was that parents' questionnaires were sent through their child, instead of arranging interview with parents together with their child, on dental examination day. This may be the reason why some parents did not return their copies, due to lack of interest in participating in the study, which may have influenced the results. It was noticeable that assessment of IOTN-AC required considerable effort for understanding by adolescents and parents, due to the lack of some categories of the AC of the IOTN, such as Class III, open bite, and anterior crossbite malocclusion. Nevertheless, the authors are confident that the detailed instructions provided, along with intra-examiner reliability test performed in the pilot study, create great evidence to consider this study valid and reliable.

CONCLUSION
==========

Based on the present results, the following conclusion can be drawn:

» A low proportion of schoolchildren presented definite normative orthodontic treatment need. One-fourth of schoolchildren (24.7%) had definite treatment need (Grade 4-5), and 10.2% presented great need (Grade 8-10), based on DHC and AC of the IOTN, respectively, and should be prioritized for orthodontic services.» The only determinant of normative treatment need was DMFT, although it was not associated with perceived orthodontic treatment.» Regarding aesthetics, clinician's perceived the children as being less attractive than the self-assessment of children and parents, according to the AC of IOTN.» Females graded themselves as less attractive than males, and significantly desired orthodontic treatment more than males, according to the AC Grade 8-10.
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